showed to be more robust as compared to the single-stage VF CW especially during highly fluctuating loads at low temperatures.
INTRODUCTION
Constructed wetlands (CWs) are a favourable technological solution for small villages and single households as they fulfil a number of requirements for small-scale wastewater treatment plants: i) they are a simple technology in construction as well as in operation and maintenance, ii) they have a high robustness and process stability, iii) they have a high buffer capacity for hydraulic and organic load fluctuations, and iv) they have a low surplus sludge production. Vertical flow (VF) CWs are widely used when stringent effluent thresholds regarding nitrification have to be met (e.g. Haberl et al. 2003; Vymazal 2007; Kadlec & Wallace 2008) . can meet the requirements of the Austrian standards regarding maximum effluent concentrations (Langergraber et al. 2007) . The Austrian regulation (1.AEVkA 1996) permits a maximum ammonia nitrogen effluent concentration of 10 mg/L for plants less than 500 PE, the standard has to be met at effluent water temperatures higher than 128C. 
MATERIAL AND METHODS

Experimental set-up
The experimental site, consisting of three CW systems operated in parallel, is located at the premises of the wastewater treatment plant Ernsthofen (Lower Austria) about 150 km west of Vienna (Langergraber et al. 2007 . Each CW system has a surface area of ca. 20 m March 2009 over a period of 7 weeks in order to obtain additional data regarding the behaviour of the systems in winter. The following operation phases were accounted for:
Nominal load, high load, power failure, nominal load, no load, low load and nominal load.
Sampling and analysis
As described by Langergraber et al. (2007 Langergraber et al. ( , 2008 samples at the experimental site were taken weekly on a routine basis and analysed for BOD 5 , COD, NH 4 -N, NO 2 -N, and NO 3 -N in the lab of the wastewater treatment plant using cuvette tests (Hach-Lange, Germany) whereas organic N (Norg) 
RESULTS AND DISCUSSION
Influent concentrations
The influent concentrations to the CW systems after mechanical pre-treatment during the 48 week duration of the standardized test procedure are given in Table 2 
Effluent concentrations and removal efficiencies during the standardized test procedure
The effluent concentrations and removal efficiencies during the whole period in which the standardized test procedure was carried out are given in Tables 3 and 4 for the singlestage VF CW and the two-stage VF CW system, respectively.
The lower total nitrogen effluent concentrations of the twostage system are caused by increased denitrification in the first stage due to the courser sand used for the main layer and the impounded drainage layer . Figures 2 and 3 shows the COD and NH 4 -N p It is assumed that the whole amount of water produced in the 24 hours is held back and stored in a buffer tank and then applied all at once when electric power returns. † At the beginning of the phase. 
Detailed description of selected test phases
Low load
During the two low load phases both systems behaved similarly. No change in the BOD 5 , COD and NH 4 -N effluent concentrations could be observed. However, both systems showed higher NO 3 -N and TN effluent concentrations. This can be explained by the fact that due to the lower organic load to the systems less organic matter was available for denitrification.
No load
After the 2 weeks of no loading higher effluent concentrations for COD and NH 4 -N could be observed as compared to the values before the no load phase (Figures 2 and 3) . The other effluent concentrations were the same as before. This can be explained by the fact that without loading there was a lack of substrate for growth of microorganisms. Microorganisms are dying off and are degraded. During the first loadings after the no load phase these degradation products are washed out from the filter resulting in enhanced COD and NH 4 -N effluent concentrations. This behaviour could be confirmed in a simulation study (Langergraber 2008) .
High load
During the high load phase (2 days of 150% load) a slight increase of the NH 4 -N effluent concentration could be observed, however, the maximal effluent concentrations were still below 0.1 mg/L. For the other parameters no change could be observed. p Number of analysis below the limit of detection (15 mg COD/L, 0.015 mg NH 4 -N/L and 0.015 mg NO 2 -N/L). 
Power failure
During the testing procedure the simulation of two 24 h power failure phases are included. Figure 4 shows the effluent flow during and after the 2nd power failure phase. The peaks of flow after the flush loading of one full daily amount of interim stored wastewater, which had to be performed after the end of the 24 h power failure phase can be clearly distinguished. In general a similar behaviour of the CW systems could be observed as before. However, the results were strongly influenced by the decreasing effluent concentrations due to the increasing temperatures during this period. During the additional power failure phase the regeneration for both CW systems lasted longer due to the lower temperatures.
However, also at effluent water temperatures of 48C the effluent concentrations which were measured before the power failure phase could be reached after only 5 days.
The maximum effluent concentration of the two-stage VF CW system was below 3 mg NH 4 -N/L.
CONCLUSIONS
The following conclusion can be drawn: † The single-and two-stage VF CW systems could manage the different load scenarios according to the standardized test procedure according to EN 12556-3 (2005) . † For both systems the maximum effluent concentrations according to the Austrian regulations (1.AEVkA 1996) were not exceeded during the 48 week testing period. † Compared to the single-stage VF CW, the two-stage VF CW system showed lower effluent concentrations during the additional test phases in winter 2008/2009. † Therefore the two-stage CW system can be considered to be more robust at fluctuating loads at low temperatures.
